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LINE  WIDTH  OF  NONORIENTED  POLYCRYSTALLINE  HEXAGONAL  FERRITES  WITH 


LARGE  MAGNETIC  .ANISOTROPY  FIELDS 


Isidore  Badv 
Gilbert  McCall 


DA  Task  No.  3A99-1 5-006-02 


Abstract 

Theoretical  calculations  are  made  of  the  linewidth  oT  nonoriented,  polycrystalline,  hexagon 
ferrites  with  large  magnetic  anisotropy  fields,  including  both  uniaxial  and  planar  ferrites.  The 
motivation  for  this  work  arises  from  an  attempt  to  find  an  explanation  as  to  why  oriented 
polycrystalline  uniaxial  ferrites  have  been  found  to  have,  in  general,  much  wider  linewidth  than 
that  of  planar  ferrites. 

The  nonoriented  ferrites  are  considered  to  be  composed  of  crystallites  whose  C  axes  are 
randomly  oriented  over  all  possible  solid  angles.  For  a  given  biasing  field,  the  solid  angle 
is  calculated  within  which  the  C  axis  of  a  crystallite  must  lie  in  order  that  its  resonant  frenuenoy 
will  differ  from,  the  test  frequency  by  a  chosen  amount.  All  crystallites  within  this  angle  are 
presumed  to  absorb  energy  equally;  all  other  crystallites  are  presumed  not  to  absorb  any  energy. 
The  loss  term  of  susceptibility  is  proportional  to  f.  .  and  a  linewidth  can  be  calculated.  It 
is  shown  that  the  linewidth  of  a  nonoriented  uniaxial  ferrite  is  considerably  wirier  than  the  lino- 
wicith  of  a  nonoriented  planar  ferrite.  Since  ir. perfect  orientation  is  a  major  contributor  to  the 
linewinth  of  oriented  hexagonal  ferrite  it  is  seen  that  imperfect  orientation  will  affect  the 
linewidth  of  uniaxial  ferrites  far  more  than  that  of  planar  ferrites.  This  is  supported  by  test  data 
wf.seh  show  that  nonoriented  planar  ferrites  can  have  a  linewidth  considerably  narrower  than  the 
narrowest  .mewir.th  obtained  with  oriented  uniaxial  ferrites. 
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LINEWIDTH  OF  NONORIENTED  POLYCKYSTALLHiE  HEXAGONAL  FERRITES 
WITH  LARGE  MAGNETIC  ANISOTROPY  FIELDS 


INTRODUCTION 

Data  on  the  linewidth  of  oriented,  polycrystalline,  hexagonal  ferrites 
with  large  magnetic  anisotropy  fielcs  have  shown  that  uniaxial  ferrites 
(easy  direction  of  magnetization  along  the  C  axis)  have  a  considerably  larger 
linewidth  than  that  of  planar  ferrites  (easy  plane  of  magnetization  perpen¬ 
dicular  to  the  C  axis).  For  example,  in  work  performed  at  Philips-^-on  uni¬ 
axial  barium  and  strontium  ferrites  of  nagnetoplumbite  structure  with  alu¬ 
minum  or  titanium-cobalt  substitutions,  the  linevidth  varied  over  a  range  of 
1600  to  33OO  oersteds  for  materials  with  anisotropies  ranging  from  7TXX)  to 
52, CKX)  oersteds.  There-was  no  strong  correlation  between  linevidth  and  an¬ 
isotropy  field.  In  work  done  at  Sperry  on  uniaxial  nickel-W  compounds  with 
cobalt  substitutions,  linevidth  ranged  from  2200-3000  oes  for  materials  with 
anisotropies  ranging  from  7000  to  12,800  oersteds.  On  the  other  hand,  in 
work  performed  by  RCA  on  planar  ferrites,  a  linewidth  as  low  as  110  oersteds 
was  obtained,^  and  a  large  number  of  compounds  had  a  linewidth  less  than  500 
oersteds. 

It  is  very  unlikely  that  the  large  linewidth  of  polycrystalline  uniaxial 
ferrites  is  due  to  the  crystallite’s  linewidth.  Though  relatively  little  work 
has  been  done  on  single  crystals  of  hexagonal  ferrites ,  a  linewidth  of  50 
oersteds  was  achieved  on  a  single  crystal  of  barium  ferrite5  and  on  a  single 
crystal  of  aluminum  substituted  strontium  ferrite. 6  A  line\/idth  of  18 
oersteds  was  obtained  on  a  single  crystal  of  planar  ferrite  Zr^Y.^  However, 
there  has  been  considerably  more  research  done  on  single  crystals  of  Z^Y 
ferrites  than  on  those  of  -uniaxial  ferrites  to  reduce  linewidth. 

A  major  contribution  to  the  linewidth  of  oriented  hexagonal  ferrites, 
both  of  uniaxial,  and  planar  types,  was  considered  to  be  imperfect  orien¬ 
tation.  It  was  therefore  desi~\ble  to  study  the  extreme  case  of  imperfect 
orientation,  i.e.,  completely  nonoriented  materials,  and  compare  the  theo¬ 
retically  calculated  linewidths  of  the  uniaxial  and  planar  ferrites  for  this 
case . 

METHOD  OF  CALCULATION 

This  section  contains  only  a  brief  outline  of  the  method  used  to  calcu¬ 
late  the  linewidth  of  the  nonoriented  uniaxial  and  planar  ferrites.  A  de¬ 
tailed  procedure  is  included  in  the  appendix. 

The  nonoriented  ferrite  was  assumed  to  be  composed  of  small,  single¬ 
domain  crystallites  whose  C  axes  were  randomly  oriented  over  all  possible 
solid  angles.  It  was  further  assumed  that  the  crystallites  did  not  interact 
with  each  other.  Demagnetizing  factors  were  disregarded  for  the  sake  of 
simplicity. 
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Let  us  consider  a  resonant  cavity  containing  the  nonoriented  ferrite. 

A  biasing  field  is  applied  in  a  direction  perpendicular  to  the  rf  magnetic 
field  in  the  cavity.  The  resonant  frequency  of  each  crystallite  will  be 
determined  by  its  anisotropy  field,  the  biasing  field,  and  the- angle  ij,1  its 
C  axis  makes  with  the  biasing  field.  At  one  particular  angle  LfJr.  for  a 
given  biasing  field,  the  resonant  frequency  of  the  crystallite  will  be  exact¬ 
ly  the  same  as  the  test  frequency  and  have  the  maximum  interaction  with  the 
cavity.  As  the  angle  of  the  C  axis  departs  from  ,  the  resonant  fre¬ 

quency  becomes  Increasingly  different  from  the  test  frequency,  and  the  inter¬ 
action  with  the  cavity  decreases.  We  calculate  the  angles  and  lp'^ 

between  which  a  crystallite  must  lie  in  order  that  its  resonant  frequency 
will  differ  from  the  test  frequency  by  no  more  than  a  chosen  amount.  All 
crystallites  within  this  angle  are  presumed  to  absorb  energy  equally;  all 
other  crystallites  are  presumed  not  to  absorb  energy.  Let  _n_  be  the  solid 
angle  subtended  between  the  cones  defined  by  U/(  and  IfJx,  .  The  loss 
term  of  magnetic  susceptibility  is  proportional  to  ,  and  therefore  a  plot 
of  -A-  vs  biasing  field  is  a  plot  of  the  relative  value  of  " ,  the  loss 

term  of  susceptibility,  v's  biasing  field.  The  linevidth  is  readily  deter¬ 
mined  from  such  a  curve. 

DISCUSSION 

A  plot  of  'yj'  (relative)  for  a  nonoriented  uniaxial  ferrite  is  shown 
in  Fig.  1,  and  plots  for  nonoriented  planar  ferrites  are  shown  in  Fig.  2. 

The  abscissa  in  both  figures  is  the  shifted  biasing  field  Hq-Hj.,  where 
Hq  is  the  applied  biasing  field  and  Hr  is  the  biasing  field  required  for 
ferromagnetic  resonance  for  a  crystallite  whose  easy  direction  is  parallel  to 
the  biasing  field  (for  the  uniaxial  ferrite)  or  -whose  easy  plane  is  parallel 
to  the  biasing  field  (for  the  planar  ferrite). 

A  comparison  of  Fig.  1  and  2  shows  that  the  linewidth  of  the  nonoriented 
uniaxial  ferrite  is  indeed  very  much  larger  than  that  of  the  planar  ferrite. 
The  most  suitable  comparison  is  between  curve  I  of  Fig.  2  and  the  curve  in 
Fig.  1,  since  both  have  approximately  the  same  value  of  anisotropy  field  and 
the  same  value  of  Hj..  We  note  that  the  linevidth  of  the  uniaxial  ferrite  is 
almost  five  times  that  of  the  planar  ferrite. 

The  relatively  narrow  linewidthRof  nonoriented  planar  ferrites  has  been 
confirmed  experimental  ly.  Schlomann°  has  reported  a  linewidth  of  500  oersteds 
for  a  nonoriented  zinc  Y.  Of  six  nonoriented  planar  ferrites  measured  here 
three  had  linewidths  of  1500  oersteds  or  less.  It  is  interesting  to  find 
that  completely  nonoriented  planar  ferrites  can  have  a  linewidth  narrower 
than  the  narrowest  linevidth  that  has  up  to  now  been  obtained  with  oriented 
no  lye  ry  s  talline  uniaxial  ferrites. 

An  understanding  as  to  why  the  linewidth  of  nonoriented  uniaxial  ferrites 
is  so  much  greater  than  that  of  nonoriented  plana"  ferrites  can  be  obtained 
from  the  following  reasoning.  The  magnitude  of  J i_  and  hence  the  magnitude 
of  the  loss  term  of  the  susceptibility  are  proportional  to  two  factors. 

Factor  1  is  the  magnitude  of  /  (^  —  ■  factor  2  is  the  solid  angle 


o 
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~^-£>  subtended  between  the  cones  defined  by  and  L/J^ 

where  is  a  small  increase  in  [pn  . 

Let  us  consider  the  variation  of  the  two  factors  as  a  function  of 
biasing  field.  Factor  1  is  maximum  when  the  biasing  field  is  such  that 
crystallites  that  are  at  ferromagnetic  resonance  are  those  whose  easy  di¬ 
rection  of  magnetization,  or  easy  plane  of  magnetization  (as  applicable),  is 
parallel  to  the  biasing  field.  This  biasing  field  has  previously  been  desig¬ 
nated  as  Hr.  Factor  1  decreases  as  the  biasing  field  is  increased  byeond  IL.. 
Thus,  factor  1  is  relatively  large  when  LU  is  close  to  0  for  the  uniaxial 
ferrites  and  close  to  $0  for  the  planar  ferrites. 

The  solid  angle  subtended  between  the  cones  defined  by  and  (pn , 

+  is  proportional  to  sin  .  Thus,  factor  2  is  small  for  biasing 

fields  close  to  the  Hj.  for  uniaxial  ferrites  and  increases  as  the  biasing 
field  is  increased  beyond  Hy.  In  the  case  of  planar  ferrites,  factor  2  is 
large  for  biasing  fields  close  to  Hr  and  decreases  as  the  biasing  field  is 
increased  beyond  Hr. 

Tims,  in  the  care  of  uniaxial  ferrites,  as  the  biasing  field  is  in¬ 
creased  beyond  Hr,  factor  1  decreases  and  factor  2  increases.  This  tends  to 
reduce  the  dependence  of  _A-  on  Hr  as  the  biasing  field  is  increased  beyond 
K-,  and  results  in  a  relatively  broad  linewidth.  In  the  case  of  the  planar 
ferrites,  however,  both  factors  are  large  in  the  vicinity  of  Hr,  and  both 
decrease  as  the  biasing  field  is  increased  beyond  E_,  Thus,  there  is  a  rela¬ 
tively  sharp  peal:  of  _A-  in  the  vicinity  of  lip,  and  this  results  in  a  rela¬ 
tively  narrow  linewidth. 
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Theoretical  calculations  shew  that  nonoriented  uniaxial  ferrites  have 
a  much  wider  linewidth  then  that  of  nor.oriented  planar  ferrites.  Thus,  the 
imperfect  orientation  that  •..'ill  inevitably  occur  when  processing  oriented 
poiycrystaliine  hexagonal  ferrites  ’.rill  nave  a  greater  effect  on  broadening 
the  lihewicth  of  uniaxial  ferrites  than  that  of  planar  ferrites.  This  e:> 
n  la  ins  at  least  tvnrt  of  th  reason  oriented  niar.ar  ferrites  generally 
have  a  much  narrotr  linewidth  tint  that,  of  oriented  uniaxial  ferrites.  In 
.'not,  a  number  of  corny ictely  nor.oriented  planar  ferrites  were  prepared  which 
have  a  substantially  narrower  linewidth  than  the  narrowest  linewicth  achiev- 
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APPENDIX:  CALCULATION  OF  THE  LHEWIOTH  OF  NONORIENTED 
HEXAGONAL  FERRITES 


In  calculating  the  linevidth  of  nonoriented  hexagonal  ferrites,  it 
was  assumed  that  the  ferrite  was  composed  of  small,  single- domain,  crystal¬ 
lites,  whose  C  axes  were  randomly  oriented  over  all  possible  solid  angles. 

It  was  further  assumed  that  the  crystallites  did  not  interact  with  each  other. 
Demagnetizing  factors  were  disregarded  for  the  sake  of  simplicity. 

RESONANCE  EQUATION  FOR  CFYSTALLITES 

Uniaxial  Ferrites 

In  order  to  calculate  the  linewidth  of  nonoriented  polycrystalline 
ferrites,  it  is  necessary  to  determine  the  resonance  equation  for  a  single 
crystallite.  This  will'  first  be  done  for  a  uniaxial  ferrite. 

The  first  step  is  to  determine  the  equivalent  magnetic  field  due  to  the 
anisotropy.  Let  us  consider  the  crystallite  shown  in  Fig.  3»  The  C  axis  is 
oriented  along  the  Z  direction.  The  equilibrium  position  for  the  magneti¬ 
sation  is  parallel  to  the  C  axis.  When  the  magnetisation  is  displaced  from 
its  equilibrium  position  by  an  angle  Q ,  the  energy  stored  is  shown  in  the 
following  equation: 


f  -  3  (l) 


where  the  dimensions  of  E  anc  K  are  energy  per  unit  volume.  K  is  called 
the  anisotropy  constant. 

"he  magnitude  of  the  torque  per  unit  volume  due  to  the  anisotropy  ear. 
he  determined  by  "  fferent dating  the  above  equation.  This  yields 
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and  the  magnetic  moment,  the  magnitude  of  the  torque  per  unit  volume  due  to 
Heq  is  given  by 


t 

Equating  T&  and  Teq  gives 

oo 

!% 

The  term  2K/Ms  is  generally  designated  as  IL^  the  anisotropy  field. 
From  Eq.  (k) ,  ve  note  that  I!a  is  equal  to  Hea  for  small  values  of  Q  . 

From  Fig.  3 •  ve  note  that  cos  &  is  the  ratio  of  the  Z  component  of  magne 
sat  ion )  to  the  total  magnet  i  sat  ion,  i.e.,  cos  Q  =  M_/i:s .  Thus,  we  car.  vri 

H  (5, 

f  A/h 

Tne  bar  above  K  designates  a  vector  quantity,  and  the  caret  above  the  s, 
a  ur.it  vector,  t 

ec~nancc-  equation  with  static  biasing  fields 
e,  the  g.tacic  equation  of  motion, 

M  x  H 

(6) 
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(9. 


cf  rf 


Capital  letters  represent  dc  components  and  small,  letters  rf  components 
Ercpanding  the  above  equation  yields  three  equations: 


'1-^Y  x  —  th*  i  r  HcLfJA  )  —  c 


!  + 77; )  ^ (»« %--»*) 


+  -  AU  tL  -  u 


rj  y  r 

v'  •  V  '  's 

n  *  .  1  A  f  „  A-  f 

"/  ,  //,  -  /4  ■  'A  '  1  \ 


-  o 


»VV  H  •>-  •  /<•  •  )  >.• 

■  •  •  v  ■/ 
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The  resonance  equation  can  be  obtained  by  setting  the  determinant  of 
Eq.  (8)  to  zero,  including  only  the  rf  terns,  i.e.. 


(11) 

=  o. 


This  yields 


We  use  the  notation  UJ  r  in  Eq.  (12)  instead  of  to  designate  that 
this  is  the  frecuency  at  which  resonance  will  occur  for  given  values  cf 
H&,  Hx,  K- . 

Planar  Ferrites 

In  determining  the  eqi _ valent  field  due  to  the  anisotropy.  Fig.  3  can 

oe  used.  The  easy  plane  of  magnetiziation  will  be  taken  as  the  YZ  plane; 
hence,  the  equilibrium  position  of  the  magnetization  is  in  the  YZ  plane; 
i>fe»?  0  ~  93°.  Equation  1  applies  to  planar  ferrites  too.  However,  since 
the  energy  is  at  a  minimum  at  Q  =  90°,  K  is  negative  for  planar  ferrites. 
•..;r responding  to  Ec.  (2),  we  have 


!/<l 
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.o  resonance  equation  vith  static  biasing  fields 
c  clmil  o!*i  ox  rr. ot. non  Decor.es 
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Expanding  the  above  equation  yields 


The  resonance  equation  can  be  determined  by  setting  the  determinant  of 
Ea.  (l8)  to  zero,  including  only  the  rf  terms,  i.e., 

3  (20) 

°  -O' 

•£il  -/■/,  o 

'  y  , J 

This  yields 


Vie  use  Cuv\_  in  Ea.(2l)  instead  of  Ct,'  for  the  same  reason  as  given  in 
connection  viuh  Eq.  (12). 


hlhn'.uEDTH 


Uniaxial  Ferrites 


Consider  a  sphere  o:'  r.onori»  foci  uniaxial  ferrite,  vhose  lincviath  it 
cesrred  to  measure.  The  biasing  field  is  applied  along  the  Z'  direction, 
v.ne  rf  magnetic  field  along  the  Y*  direction.  The  biasing  field  H0  is 
varied  to  octain  a  resonance  curve. 


^articular  crystallite  vhose  C  axis  is  oriented  at  an 
-is,  as  shorn  in  Fig.  t.  For  the  purpose  of  determining 
-'u  of  this  crystallite,  it  is  necessary  to  empress  the 
:  of  components  parallel  to  or  perpendicular  to  the 
xr.u  respectively  to  H„  and  Hx  of  Eqs.  (9)  and  (12). 
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For  a  particular  set  of  values  of  HQ,  Hq,  and  Ll)  ,  there  is  only  one 


S-(  LL'i  -w)/\  y)  as  a  function  of  IjJ  .  This  is  plotted  in  Fig.  5 
for  a  value  of  Ha  =  85OO  oersteds, '  and  \w/  .y'j  =  10,500  oersteds  for  several 
values  of  Ho.  From  Fig.  5 j  ve  note  that  for  a  crystallite  vhose  C  axis  is 
aligned  along  the  direction  of  the  biasing  field  Li)  =  Q  ,  the  biasing 
field  required  for  resonance  is  2000  oersteds. 

We  vill  no v  assume  that  if  /  ^  /  is  less  than  some  chosen  value  £  , 
the  crystallite  vill  absorb  energy,  and  so  reduce  the  Q  of  the  cavity. 
Furthermore,  ve  -will  make  the  sinrolifying  assumption  that  ell  the  crystal¬ 
lites  that  are  oriented  so  that  [& £  absorb  an  equal  amount^ of  energy'. 
Also,  it  is  assumed  that  any  crystallite  that  is  oriented  so  that  (d  j  >£ 
vill  not  absorb  eny  energy  from  the  cavity,  and  vill  not  affect  the  cavity  Q. 
The  choice  of  a  value  for  £  is  somevhat  arbitrary,'.  A  value  of  200  vas 
chosen  for  convenience  in  calculation. 

p  For  a  particular  value  of  Ho,  let  ifJf  be  the  value  of  (f'  at  vhich 
0  =  +  G.  ,  and  let  (jj  ^  be  the  value  of  ( f. J  at  which  S  ~  ~  €  .  For  this 

value  of  H0,  the  number  of  crystallites  that  vill  absorb  energy  is  pro¬ 
portional  to  the  angle  subtended  betveen  the  cones  defined  by  n,:  and  u,'p. 

-i  -+  r>  f  ^  1  ,  .  S  I.)  si  .  1  t  4-  1,  ~  _ _ t  _ '  -a  TT  „  n _ I  } 


1.0. ,  to j f  '  {jj  ci  .  Thus,  the  absorption  and  hence  the  loss 

component  of  the  susceptibilr  X  "  are  proportional  to  the  above  integral. 
A  plot  cf  the  relative  value  of  'jc  "  is  shown  in  Fig.  1.  The  abscissa  in 
Fig.  1  is  the  shifted  biasing  field  Ho-Hr,  vhere  Hr  is  the  field  req-uired  for 
resonance  for  c  crystallite  oriented  in  such  a  way  that  its  easy'  direction  is 
parallel  to  the  biasing  field.  From  Fig.  1,  ve  see  that  the  linevidth  is 
nrproximatelv  2oD0  oersteds. 


Figure  1  vas  replotted  vith  values  of  £  taken  as  h00  and  130  oersteds. 
In  both  cases,  it  vas  found  that  the  curve  of  relative  absorption  differed 
very'  little  from  the  curve  for  6  =  200  oersteds.  Thus,  in  this  case,  the 
lincvidUi  vas  substantially  independent  of  the  choice  of  £ 
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factor.  Hence,  if  we  choose  values  of  ^  and  l<~Ly  \  of  85OOA  oersteds  and 
10, 500 A  oersteds,  respectively,  where  A  is  some  numerical  factor.  Fig.  5  will 
apply,  provided  6  and  the  values  of  Hq  are  each  multiplied  "by  A.  Since, 
as  noted  above,  the  shape  of  the  curve  of  relative  absorption  is  relatively 
little  affected  by  the  value  chosen  for  £  ,  the  linevidth  will  be  pro¬ 

portional  to  the  factor  A. 

Planar  Ferrites 

Consider  a  sphere  of  nonor tented  planar  ferrite  whose  linewidth  it  is 
desired  to  measure.  The  biasing  field  Hq  is  applied  along  the  Z'  axis,  and 
the  rf  magnetic  field  along  the  Y'  axis.  The  biasing  field  is  varied  to 
obtain  a  resonance  curve. 

Consider  a  particular  cyrstallite  whose  C  axis  is  oriented  at  an  angle 
^  with  respect  to  the  Z'  axis,,  as  shown  in  Fig.  b.  For  the  purpose  of 
determining  the  resonance  of  this  crystallite,  it  is  necessary  to  express 
the  biasing  field  in  terns  of  components  parallel  to  or  perpendicular  to  the 
easy  plane.  These  correspond,  respectively,  to  Hz  and  Hx  of  Eq .  (19)  and  (21). 
From  Fig.  U,  we  note  that 


If- 

H  x  -  Hc 


(23) 


Ve  now  proceed  in  the  same  manner  as  we  did  in  the  case  of  the  uniaxial 
ferrites.  For  a  particular  set  of  values  of  Ha,  H0,  and  uj  ,  there  is  only 
one  value  of  iff  at  which  exact  resonance  is  obtained.  However,  let  us 
permit  ti,1  to  vary  a  little  on  either  sice  of  the  value  at  which  exact  reso¬ 
nance  is  obtainec,  and  determine  the  difference  d  -  ( as  a 
function  of  :i'  .  This  .5  plotted  in  Fig.  6  for  a  value  of  Ha  = 
oers-.edc,  and  M  \  I  =  5 000  oersteds  for  a  series  of  values  of  H0.  Similar ly, 
Pig*  7  shows  d  as  a  function  of  <p  for  Ha  =  </000  oersteds  and  I  ■= 

1-  ,7:  -'  oersteds .  From  Fig.  b  and  7,  we  note  that  for  a  crystallite  oriented 
so  that  its  easy  plane  is  parallel  to  the  biasing  field  (  uj  =  90°),  the 
biasing  fielc  required  for  resonance  is  2210  oersteds  in  the  case  of  Fig.  6 
fund  ''a'i'C  oersteds  in  the  case  of  Fig.  7. 


.  the  case  of  the  uniaxial  ferrites,  we  will  assume  that  if 
han  some  chosen  value  £  ,  the  crystallite  -will  absorb 

■uce  the  0  of  the  cavity,  and  that  all  such  crystallites  will 
sasunt  of  energy.  Also  any  crystallite  that  is  oriented  so 
will  be  assumed  not  to  absc-b  any  energy  from  the  cavity. 
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Let  us  take  £  =  200  oersteds,  and  define  Lf>  ^  and  y  2  as  in  the 
case  of  the  uniaxial  ferrites.  The  adsorption  and  hence  the  loss  component 
of  susceptibility  ^  "  are  proportional  to 


We  note  that  LfS  ^  and  2  are  interchanged  in  this  case  vhen  compared  to 
the  corresponding~expre scion  for  uniaxial  ferrites.  Plots  of  the  relative 
absorption  are  given  in  Fig.  2.  The  abscissa  in  Fig.  2  is  the  shifted  bias¬ 
ing  field  H0  -  H_  vhere  Hr  i  ;  the  field  required  for  resonance  for  a  crystal¬ 
lite  oriented  so*that  its  easy  plane  is  parallel  to  the  biasing  field.  As 
noted  above,  Hr  =  2210  and  9000  oersteds  for  the  cases  vhere  /  uv/y/  =  5000 
and  12,750  oersteds,  respectively. 


In  the  case  of  uniaxial  ferrites,  it  vas  noted  that  the  linevidth  vas 
relatively  insensitive  to  the  value  of  £  .  This  is  not  so  in  the  case  of 

planar  ferrites.  For  example,  for  £  =  200  oersteds,  the  linevidth,  as  can 
be  seen  from  Fig.  2,  is  600  oersteds.  However,  if  £  were  chosen  as  100 
oersteds,  the  linevidth  would  be  hOO  oersteds. 


As  in  the  case  of  the  uniaxial  ferrites,  Pig.  6  ana  7  will  also  apply 
for  the  case  vhere  Hp  and  |  are  both  mult  it  i.ied  by  a  factor  A,  provided 

the  values  j~  and  of  K0  are  also  multiplied  by  A.  Since  the  linevidth 
varies  with  £  ,  the  linevidth  will  vary  as  An,  vhere  n  lies  between  sero 

and  1. 
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FIG  I  PLOT  OF  X " ( REL AT  I V E )  VS  SHIFTED  BIASING 
FIELD  FOR  A  UNIAXIAL  FERRITE 
8,500  OERSTEDS,  w/y  =  10,500 
Hr  =  2,000  OERSTEDS. 


WITH  Ha  = 
OERSTEDS, 
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FIG 
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CRYSTALLITE  WITH  MAGNETIZATION  AT  AN  ANGLE  Q 
WITH  RESPECT  TO  C  AXIS. 


FIG  4  CRYSTALLITE  WITH  C  AXIS  AT  AM  ANGLE  ^  WITH  RESPECT  TO 

THE  BIASING  FIELD.  BIASING  FIELD  I S  APPLIED  PARALLEL  TO  Z'AXIS, 
AND  THE  rf  MAGNETIC  FIELD  IS  AFPLIED  PARALLEL  TO  Y1  AXIS. 


FiG  5  8  VS  ^  FOR  UNIAXIAL  FERRITE  WITH  Ha  =  8,500  OERSTEDS 
AND  a>/y  =  10,500  OERSTEDS. 
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FIG  6  8  VS'/'  FOR  PLANAR  FERRITE  WITH  Ha=  9,000  OERSTEDS 
AND  io/y  =  5,000  OERSTEDS. 
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FIG  7  8  VS  f  FOR  PLANAR  FERRITE  WITH  Ha  =  9,000  OERSTEDS 
AND  ui/y  =  12,750  OERSTEDS 
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